SPECIFICATION 

TITLE OF THE INVENTION 
DISPLAY DEVICE AND PIXEL CORRESPONDING DISPLAY 

DEVICE 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates generally to a 
display device, and particularly, to a liquid 
crystal display device capable of suitably 
displaying video (an image) irrespective of the 
total number of dots in a horizontal period of an 
input video signal. 

The present invention further relates to a 
pixel corresponding display device for displaying 
video in units of pixels, and particularly, to a 
pixel corresponding display device for suitably 
displaying video by always keeping a phase 
relationship between a clock signal in a case where 
an inputted video signal is subjected to analog- 
to-digital conversion (hereinafter referred to as 
A/D conversion) and pixels composing a video signal 
in a stable state. 
Description of the Prior Art 
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[1] In a liquid crystal display device, one of dots 
represented by dot data of an input video signal and 
one of pixels composing a liquid crystal panel are 
synchronized with each other in one horizontal 
scanning period, to display video. Line data 
representing one horizontal scan line out of an 
arbitrary number of line data in one vertical 
scanning period of the input video signal is 
displayed in correspondence with one line in the 
vertical direction of the liquid crystal panel. The 
line data is a collection of pixel data. 

In recent years, computers with a large variety 
of specifications have been fabricated. A video 
signal shown in Fig. la and a video signal shown in 
Fig. lb differ in the total number of dots in a 
horizontal period (hereinafter referred to as the 
total of horizontal dots) , for example, even if they 
are XGA (Extended Graphic Array) video signals 
outputted from various types of computers. In the 
XGA video signals, the respective total numbers of 
dots within a video effective period in the 
horizontal period (hereinafter referred to as the 
number of horizontal effective dots) are common. 
That is, the number of horizontal effective dots of 
the XGA video signal is 1024. 
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Sampling clocks for sampling 1024 dots within 
the video effective period in the horizontal period 
of the inputted XGA video signal are generated on 
the basis of a horizontal synchronizing signal of 
the inputted XGA video signal. Consequently, a 
method of generating the sampling clocks must be 
changed depending on the total of horizontal dots 
of the inputted XGA video signal. Therefore, it is 
necessary to recognize the total of horizontal dots 
of the inputted XGA video signal in order to generate 
the sampling clocks. 

Conventionally, a table storing the total of 
horizontal dots has been prepared for each of types 
of XGA video signals, the type of the XGA video signal 
is judged from the characteristics of the XGA video 
signal inputted from the computer, and the total of 
horizontal dots corresponding to the judged type is 
selected from the table, thereby recognizing the 
total of horizontal dots of the inputted XGA video 
signal. However, this method cannot cope with the 
XGA video signal generated by a computer with a new 
specification . 

Therefore, the applicant of the present 
invention has developed a method of generating 
sampling clocks suitable for a plurality of types 
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of video signals whose number of horizontal 
effective dots has been known and which differ in 
the total of horizontal dots, to file an application 
(see JP-A-11-311967). 

Specifically, a horizontal video start 
position HS (see Figs, la and lb) and a horizontal 
video end position HE (see Figs. la and lb) are 
detected for each of horizontal lines, to calculate 
the number of sampling clocks corresponding to the 
distance from a horizontal video start position and 
a horizontal video end position of an input video 
signal on the basis of the horizontal video start 
position and the horizontal video end position which 
have been detected. 

When the number of sampling clocks 
corresponding to the distance between the horizontal 
video start position and the horizontal video end 
position of the input video signal is smaller than 
the known number of horizontal effective dots 
"1024", the frequency of the sampling clocks is 
controlled in such a direction as to be increased. 
When the number of sampling clocks corresponding to 
the distance between the horizontal video start 
position and the horizontal video end position of 
the input video signal is larger than '' 1025'" which 
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is larger by one than the known number of horizontal 
effective dots, the frequency of the sampling clocks 
is controlled in such a direction as to be decreased. 

When the number of sampling clocks 
corresponding to the distance between the horizontal 
video start position and the horizontal video end 
position of the input video signal coincides with 
1 0 2 4 or 1 0 2 5, the phase of the clocks is delayed by 
a value corresponding to at least one clock in 
several nano units. 

The horizontal video start position and the 
horizontal video end position of the input video 
signal are detected by comparing the input video data 
after the AD conversion by the A/D converter with 
a predetermined threshold value. However, the 
position detection precision is greatly affected 
depending on how an analog input video signal 
inputted to the A/D converter is dull. 

Threshold values used for detecting the 
horizontal video start position and the horizontal 
video end position of the input video signal have 
been conversely fixed, and are forced to be 
determined so as to be adapted to an input video 
signal having a low luminance out of input video 
signals. Accordingly, the dullness of the analog 
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input video signal inputted to the A/D converter 
greatly affects the position detection precision. 

Since the dullness significantly appears at the 
falling edge of the analog input video signal, the 
detection precision of the horizontal video end 
position is particularly decreased in the 
conventional example . 

[2] In a liquid crystal display which is one type 
of pixel corresponding display device, one of pixels 
represented by pixel data of a video signal and one 
of pixels composing a liquid crystal panel are 
synchronized with each other in one horizontal 
scanning period, to display video. Line data 
representing one horizontal scan line (hereinafter 
referred to as a line) out of an arbitrary number 
of line data in one vertical scanning period of the 
video signal is displayed in correspondence with one 
line in the vertical direction of the liquid crystal 
panel- The line data is a collection of pixel data. 

Data handled inside by a computer is a digital 
signal, and the video signal is also generated as 
a digital signal in units of pixels. However, a CRT 
display which has been conventionally used as a 
display device is an analog device. Accordingly, 
the video data generated in the computer is converted 




into an analog video signal in the computer, to 
output the analog video signal to the CRT display. 

On the other hand, the liquid crystal display 
is a digital device. Accordingly, the video signal 
fed as an analog signal from the computer must be 
subjected to A/D conversion. Therefore, sampling 
clocks for performing the A/D conversion must be 
reproduced on the side of the display. 

Conventionally, the sampling clocks for performing 
A/D conversion have been reproduced on the basis of 
only a horizontal synchronizing signal. However, 
it is not ensured that the phase relationship between 
the horizontal synchronizing signal and pixels 
composing the analog video signal is always kept in 
a correct state, and the total number of clocks 
within one horizontal period is unclear. 
Consequently, a system for adjusting the frequency 
and the phase of the clocks is required. 

The following is a method of automatically 
adjusting the frequency and the phase of the sampling 
clocks in response to an input signal. The total 
of sampling clocks in one horizontal period is 
adjusted to adjust the frequency of the sampling 
clocks such that the number of horizontal effective 
pixels composing input video reaches a predetermined 
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value. A horizontal synchronizing signal of an input 
video signal is fed to a sampling clock generation 
circuit through a delay circuit, and the amount of 
delay in the delay circuit is adjusted, to adjust 
the phase of the sampling clocks. 

However, the input signal must satisfy the 
following conditions in order to accurately adjust 
the frequency and the phase of the sampling clocks 
in this method. 

Condition 1 ; In order to accurately detect the 
number of horizontal effective pixels, at least one 
horizontal effective start point whose level exceeds 
a threshold level for horizontal effective start 
point judgment and at least one horizontal effective 
end point whose level exceeds a threshold level for 
horizontal effective end point judgment exist within 
one field period in the input video. 

Condition 2 ; the first condition is satisfied 
continuously for a plurality of field periods. 

n the case of almost all screen saver images, 
for example, an object is to prevent a CRT from being 
seized. Accordingly, a frame whose position is fixed 
is not displayed', a background image is taken as an 
image whose level is close to a black level, and an 
image to be displayed is further displayed as a 
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moving image. When the screen saver image is 
inputted, therefore, the number of horizontal 
effective pixels cannot be accurately detected. 

Furthermore, a horizontal RAMP image has no 
sharp edge for specifying a horizontal video start 
position or a horizontal video end position, and is 
easily affected by a noise component or a horizontal 
jitter component. When the horizontal RAMP image 
is inputted, therefore, the number of horizontal 
effective pixels cannot be accurately detected. 

That is, it has been conventionally impossible 
to distinguish a special video signal and a normal 
video signal, described above. Accordingly, 
accurate clock automatic adjustment cannot be 
performed . 

SUMMARY OF THE INVENTION 
An object of the present invention is to provide 
a display device capable of improving the detection 
precision of a horizontal video end position. 

Another object of the present invention is to 
provide a pixel corresponding display device capable 
of properly judging video in which the difference 
between a horizontal video start position and a 
horizontal video end position whose level exceeds 
the threshold level of an input video signal is 
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smaller than the number of horizontal effective 
pixels (for example, a screen saver image) , properly 
switching an e x e c u t e d / s t o p p e d state of a clock 
automatic adjustment operation depending on the 
result of the judgment, to prevent the clock 
automatic adjustment from being erroneously 
performed, and accurately performing sampling clock 
adj ustment . 



invention is characterized by comprising a cl ox: k 
generation circuit for generating sampling pn^ o c k s , 
whose frequency is controlled on the b a^i s of a 
required frequency control value, o n yx h e basis of 
a horizontal synchronizing signal an input video 

signal; an analog-to-digital co n Ve rter for sampling 
the input video signal on t h e yb a s i s of the sampling 
clocks generated from the Q.A o ck generation circuit; 
horizontal video start n/o s i t i o n detection means for 
detecting a horizont aA. video start position of video 
data outputted f r cm the analog-to-digital converter 
on the basis o f^ a first threshold value; horizontal 
video end n/o s i t i o n detection means for detecting a 
horizoiyfe^l video end position of the video data 
outpi/rted from the a n a 1 o g - t o - d i g i t a 1 converter on 
thre b a s i s of a — s- c o o n d — -t- h i " n n h n-LH ^y^ ine; calculation 
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pThe ^ ns for calculating the numbe r- f ar np ling clocks^ 
corresponding to the distance from the h o r i z o n t a^ 
video start position to the horizontal video/end 
position; judgment means for judging w h e t h or not 
the result of the calculation by the cr^ 1 c u 1 a t i o n 
means coincides with a required re ^fe rence value; 
frequency control value adjustment means for 
calculating, when it is j u d g e/a that the result of 
the calculation by the c a 1/C u 1 a t i o n means and the 
reference value do not c/Dincide with each other, a 
new frequency c o n t r o 1/ v a 1 u e on the basis of the 
result of the calcu 1: a tion by the calculation means, 
the reference v a i/u e , and the frequency control value 
currently set /i n the clock generation circuit, to 
feed the nevf frequency control value to the clock 
generatioJi circuit; and threshold value control 
means f/O r controlling a second threshold value 
deper/aing on the level of the video data outputted 
fiQ/6m the ajn ,a-j=-e-q"^='^"^"-d i g i t a 1 converter . """"^ " — 

An example of the clock generation circuit is 
one comprising a voltage controlled oscillator for 
outputting the sampling clocks, a frequency divider 
for dividing the frequency of the sampling clocks 
outputted from the voltage controlled oscillator, 
phase detection means, to which an output of the 
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frequency divider and the horizontal synchronizing 
signal of the input video signal are inputted, for 
outputting a detection signal corresponding to the 
phase difference between both the inputted signals, 
and filter means for integrating the detection 
signal outputted from the phase detection means, to 
output the integrated detection signal to the 
voltage controlled oscillator. In this case, the 
frequency division ratio of the frequency divider 
is used as the frequency control value. 

A — -s-e-trolTd dT^ play H'e"v"irc-e — ^ n n q r rj_J n g to the 



present invention is characterized by comprising 
clock generation circuit for generating sampld.ng 
clocks, whose frequency is controlled on t^e basis 
of a required frequency control value, ^o n the basis 
of a horizontal synchronizing sig n^ 1 of an input 
video signal; an analog-to-dig i^ al converter for 
sampling the input video s i aria 1 o the basis of the 
sampling clocks generat e dr from the clock generation 
circuit; ahorizonta 1/v i deo start position detection 
circuit for det e cxr ing a horizontal video start 
position of vXci eo data outputted from the 
a n a 1 o g - t o^a i g i t a 1 converter on the basis of a first 
threshold value; a horizontal video end position 



d e tr e^c t i o n — c^i r c u x t fo r detecting a horizonta 
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ecLd position of the video data o u t: p u 1 1: e d from the 




An example of the clock generation circuit is 
one comprising a voltage controlled oscillator for 
outputting the sampling clocks, a frequency divider 
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for dividing the frequency of the sampling clocks 
outputted from the voltage controlled oscillator, 
a phase detection circuit, to which an output of the 
frequency divider and the horizontal synchronizing 
signal of the input video signal are inputted, for 
outputting a detection signal corresponding to the 
phase difference between both the inputted signals, 
and a filter circuit for integrating the detection 
signal outputted from the phase detection circuit, 
to output the integrated detection signal to the 
voltage controlled oscillator. In this case, the 
frequency division ratio of the frequency divider 
is used as a frequency control value. 

— first — p i y 1 corro s ponding — display — d-e vic e ■ 

according to the present invention is c h a r a c t ej?^z e d 
by comprising a clock generation c i r c u i;fer f o r 
generating sampling clocks on the h^ssLs of a 
horizontal synchronizing signa X^o f an input video 
signal; an analog-to-digit a,^: :;onverter for sampling 
the input video signalx5ri the basis of the sampling 
clocks generated fA?^m the clock generation circuit; 
detection m e ap^ for comparing video data outputted 
from t h e^d^ a 1 o g - t o - d i g i t a 1 converter with a 
p r e d^e^ ermined threshold value, to detect a 
horizontal video start position and a horizontal 
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\>-j ^ Ro f^nd posi t ion on each of horizontal lines; 
calculation means for calculating, on the basis of 
a horizontal video start position closest to a / 
horizontal period start position specified by 1L\i e 
horizontal synchronizing signal out of h o r i z/o n t a 1 
video start positions detected within one f/ield and 
a horizontal video end position farthest from the 
horizontal period start position spe (zT i fied by the 
horizontal synchronizing signal o u/t of horizontal 
video end positions detected wit>iin one field, the 
number of sampling clocks c o r 2: e s p o n d i n g to the 
distance between the horizon t/a 1 video start position 
and the horizontal video eni d position of the input 
video signal for the fi/eld; frequency adjustment 
means for controllin g/ the clock generation circuit 
on the basis of t h e /r e s u 1 1 of the calculation by the 
calculation mean^, to adjust the frequency of the 
sampling clocks^; judgment means for judging for each 
field whether? or not the width of a region where input 
video exis t: s is smaller than the number of horizontal 
effect! v/e pixels on the basis of the result of the 
c a 1 c u yk tion by the calculation means; and means for 
s t o p ing, when it is judged that the width of the 
r eT g ion where the input video exists is smaller than 
X h ^ — -ft-cTTTrr) e r of h orizontal effective pix e 1 s 7" a 
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frequency adjustment operati/on based on the number 
of sampling clocks found in the field. 

second pixel corresponding display dey_ 



a c c o r d i ng to the present invention is characteri d 
by comprising a clock generation circuit fo^r 
generating sampling clocks on the basis /it a 
horizontal synchronizing signal of a n yl n p u t video 
signal; an a n a 1 o g - t o - d i g i t a 1 c o n v e r t/e r for sampling 
the input video signal on the basirs of the sampling 
clocks generated from the cloc k/g eneration circuit; 
a detection circuit for c o nj/p a r i n g video data 
outputted from the a n a 1 o g -/c o - d i g i t a 1 converter with 
a predetermined thresh p\ d value, to detect a 
horizontal video s t ayr t position and a horizontal 
video end positio n/ on each of horizontal lines; a 
calculation cir c/u it for calculating, on the basis 
of a h o r i z o n t a/1 video start position closest to a 
horizontal riod start position specified by the 
horizontal^ synchronizing signal out of horizontal 
video s t/a r t positions detected within one field and 
a h o r i: z ontal video end position farthest from a 
hor^izontal period start position specified by the 
lyo rizontal synchronizing signal out of horizontal 
video end positions detected within one field, the 
"h^si.mbe r of sampling nlnnk'^ rorr^np ^ n ^ i n g ' jT^ yi n the 
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<i_i .stance betwee rL -,±Ja ^ ho - Jiizuii L al Vldfc^o s L - o - r t pocition - 
and the horizontal video end position of the in p u>t^ 
video signal for the field; a frequency adju;8^ment 
circuit for controlling the clock generat i^n circuit 
on the basis of the result of the cal o/al ation by the 
calculation circuit, to adjust t h;e f r e q u e n c y of the 
sampling clocks; a judgment c ixr c u i t for judging for 
each field whether or not t h^ width of a region where 
input video exists is >s m aller than the number of 
horizontal effecti y/4 pixels on the basis of the 
result of the c aQ. c u 1 a t i o n by the calculation 
circuit; an d/ a circuit for stopping, when it is 
judged t h a<t: the width of the region where the input 
video exists is smaller than the number of horizontal 
effe/Ctive pixels, a frequency adjustment operation 
b a:^ e d on the number of sampling clocks found in the 
■ field . " 



A third pixel corresponding display device 
according to the present invention is characterized 
by comprising a delay circuit, whose amount of delay 
is variable, for delaying and outputting a 
horizontal synchronizing signal of an input video 
signal; a clock generation circuit for generating 
sampling clocks which are synchronized with the 
horizontal synchronizing signal outputted from the 
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rcuit; an analog-to-digitai converter for 
the input video signal on the basis of the 
clocks generated from the clock generation 
detection means for comparing video data 
d from the a n a 1 o g - t o - d i g i t a 1 converter with 
ermined threshold value, to detect a 
al video start position and a horizontal 
d position on each of horizontal lines; 
ion means for calculating, on the basis of 
ntal video start position closest to a 
al period start position specified by the 
al synchronizing signal outputted from the 
rcuit out of horizontal video start 
s detected within one field and a horizontal 
video end position farthest from a horizontal period 
start position specified by the horizontal 
synchronizing signal outputted from the delay 
circuit out of horizontal video end positions 
detected within one field, the number of sampling 
clocks corresponding to the distance between the 
horizontal video start position and the horizontal 
video end position of the input video signal for the 
field; phase adjustment means for changing an amount 
of delay set in the delay circuit a predetermined 
amount at a time for each field, to change the phase 
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of the sampling clocks a predetermined amount at a 
time for the field, holding as a first amount of delay 
the amount of delay set in the delay circuit in the 
field in a case where the number of sampling clocks 
calculated by the calculation means is changed in 
such a direction as to be decreased and holding as 
a second amount of delay the amount of delay set in 
the delay circuit in the field in a case where the 
number of sampling clocks calculated by the 
calculation means is changed in such a direction as 
to be increased, and calculating the average sum of 
the first amount of delay and the second amount of 
delay, to set the amount of delay set in the delay 
circuit to the obtained average sum; judgment means 
for judging for each field whether or not the width 
of a region where input video exists is smaller than 
the number of horizontal effective pixels on the 
basis of the result of the calculation by the 
calculation means; and means for stopping, when it 
is judged that the width of the region where the input 
video exists is smaller than the number of horizontal 
effective pixels, a phase adjustment operation based 
on the number of sampling clocks found in the field. 

A fourth pixel corresponding display device 
according to the present invention is characterized 
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by comprising a delay circuit, whose amount of delay 
is variable, for delaying and outputting a 
horizontal synchronizing signal of an input video 
signal; a clock generation circuit for generating 
sampling clocks which are synchronized with the 
horizontal synchronizing signal outputted from the 
delay circuit; an analog-to-digital converter for 
sampling the input video signal on the basis of the 
sampling clocks generated from the clock generation 
circuit; a detection circuit for comparing video 
data outputted from the a n a 1 o g - t o - d i g i t a 1 converter 
with a predetermined threshold value, to detect a 
horizontal video start position and a horizontal 
video end position on each of horizontal lines; a 
calculation circuit for calculating, on the basis 
of a horizontal video start position closest to a 
horizontal period start position specified by the 
horizontal synchronizing signal outputted from the 
delay circuit out of horizontal video start 
positions detected within one field and a horizontal 
video end position farthest from a horizontal period 
start position specified by the horizontal 
synchronizing signal outputted from the delay 
circuit out of horizontal video end positions 
detected within one field, the number of sampling 
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clocks corresponding to the distance between the 
horizontal video start position and the horizontal 
video end position of the input video signal for the 
field; a phase adjustment circuit for changing an 
amount of delay set in the delay circuit a 
predetermined amount at a time for each field, to 
change the phase of the sampling clocks a 
predetermined amount at a time for the field, holding 
as a first amount of delay the amount of delay set 
in the delay circuit in the field in a case where 
the number of sampling clocks calculated by the 
calculation means is changed in such a direction as 
to be decreased and holding as a second amount of 
delay the amount of delay set in the delay circuit 
in the field in a case where the number of sampling 
clocks calculated by the calculation circuit is 
changed in such a direction as to be increased, and 
calculating the average sum of the first amount of 
delay and the second amount of delay, to set the 
amount of delay set in the delay circuit to the 
obtained average sum; a judgment circuit for judging 
for each field whether or not the width of a region 
where input video exists is smaller than the number 
of horizontal effective pixels on the basis of the 
result of the calculation by the calculation means; 
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and a circuit for stopping, when it is judged that 
the width of the region where the input video exists 
is smaller than the number of horizontal effective 
pixels, a phase adjustment operation based on the 
number of sampling clocks found in the field. 

The foregoing and other objects, features, 
aspects and advantages of the present invention will 
become more apparent from the following detailed 
description of the present invention when taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. la and lb are timing charts showing XGA 
video signals which differ in the total of horizontal 
dots; 

Fig. 2 is a block diagram showing the entire 
configuration of a liquid crystal display device; 

Fig. 3 is a block diagram showing the 
configuration of a sampling clock control circuit 
according to a first embodiment; 

Fig. 4 is a schematic view showing a threshold 
value for end position judgment which is set by the 
first embodiment; 

Fig. 5 is a schematic view showing a 
conventional threshold value for end position 
j udgment ; 
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Fig. 6 is a timing chart for explaining the 
operation of a threshold value control unit 67; 

Fig. 7 is a block diagram showing the 
configuration of a sampling clock adjustment circuit 
according to a second embodiments- 
Figs. 8a, 8b, and 8c are schematic views showing 
a horizontal video start position, a horizontal 
video end position, and horizontal effective pixels 
which correspond to each type of input signal; 

Fig. 9 is a block diagram showing the 
configuration of a clock phase detection circuit; 
and 

Fig. 10 is an illustration for explaining the 
principle for detecting the best point of the phase 
of sampling clocks. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBOD IMENT 

[1] Description of First Embodiment 

Referring now to Figs. 2 to 6, a first embodiment 
of the present invention will be described. 

Fig. 2 illustrates the entire configuration of 
a liquid crystal display device. 

The levels of XGA video signals R, G, and B fed 
from a computer (hereinafter referred to as PC) 10 
are respectively adjusted so as to conform to the 
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sample-and-hold circuits 6R, 6G, and 6B, and the 
liquid crystal panels 7R, 7G, and 7B. Sampling 
clocks fed to the A/D converters 2R, 2G, and 2B and 
the D/A converters 4R, 4G, and 4B are generated by 
a sampling clock adjustment circuit 40. The timing 
controller 30 and the sampling clock adjustment 
circuit 40 are controlled by a CPU 20, 

Fig. 3 illustrates the configuration of the 
sampling clock adjustment circuit 40. 

The sampling clock adjustment circuit 40 is 
constituted by a PLL ( P h a s e - L o c k e d Loop) circuit 50 
for outputting sampling clocks on the basis of a 
horizontal synchronizing signal (an H signal) of an 
input video signal inputted from the computer 10, 
a t o t a 1 - o f - h o r i z o n t a 1 dots detection circuit 60 for 
adjusting the frequency of the sampling clocks 
outputted from the PLL circuit 50, and a phase 
control circuit 70 for controlling the phase of the 
sampling clocks outputted from the PLL circuit 50. 

The phase control circuit 70 comprises a fixed 
oscillator 71, a clock frequency conversion unit 72 
for detecting the frequency of the sampling clocks, 
a delay data generation unit 73 for determining the 
amount of unit delay on the basis of the frequency 
of the sampling clocks detected by the clock 
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input conditions of a n a 1 o g - t o - d i g i t a 1 (A/D) 
converters 2R, 2G, and 2B in the succeeding stage 
by level adjustment units IR, IG, and IB. The video 
signals R, G, and B whose levels have been adjusted 
are respectively converted into digital video data 
R, G, and B by the A/D converters 2R, 2G, and 2B , 
and the digital video data are then respectively fed 
to n u mb e r - o f - s c a n lines conversion circuits 3R, 3G, 
and 3 B . 

In the n u mb e r ~ o f ~ s c a n lines conversion 
circuits 3R, 3G, and 3B, the respective scan lines 
of the video data R, G, and B are converted so as 
to be adaptable to liquid crystal panels 7R, 7G, and 
7B. Outputs of the n u mb e r - o f - s c a n lines conversion 
circuits 3R, 3G, and 3B are respectively converted 
into analog video signals R, G, and B by 
digital-to-analog (D/A) converters 4R, 4G, and 4B. 

The video signals R, G, and B outputted from the 
D/A converters 4R, 4G, and 4B are respectively fed 
to the liquid crystal panels 7R, 7G, and 7B through 
a chrominance signal driver 5 and s a mp 1 e - a n d - h o 1 d 
circuits 6R, 6G, and 6B. 

A timing signal is fed from a timing controller 
30 to the number-of-scan lines conversion circuits 
3R, 3G, and 3B, the chrominance signal driver 5, the 
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frequency conversion unit 12, and a delay circuit 
74 for delaying the phase of the horizontal 
synchronizing signal on the basis of the amount of 
unit delay determined by the delay data generation 
u n i t 7 3 . 

The PLL circuit 50 comprises a phase detection 
unit 51, an LPF (Low Pass Filter) 52, a VCO (Voltage 
Controlled Oscillator) 53, and a frequency divider 
54, as is well known. The phase detection unit 51 
outputs a detection signal corresponding to the 
phase difference between the horizontal 
synchronizing signal fed through the delay circuit 
74 and an output signal of the frequency divider 54. 
The LPF 52 integrates the detection signal from the 
phase detection unit 51. Sampling clocks having a 
frequency corresponding to the detection signal 
integrated by the LPF 52 are outputted to the VCO 
53. The frequency divider 54 divides the frequency 
of the sampling clocks outputted from the VCO 53 on 
the basis of data representing a frequency division 
ratio (hereinafter referred to as frequency division 
ratio data) from the t o t a 1 - o f - h o r i z o n t a 1 dots 
detection circuit 60 ( t o t a 1 - o f - h o r i z o n t a 1 dots 
detection data) . 

The t o t a 1 - o f - h o r i z o n t a 1 dots detection circuit 
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60 comprises a horizontal video s t a r t / e n d detection 
circuit 61, an.H counter 62, a maximum hold unit 63, 
a subtracter 64, a comparator 65, a CPU 66, and a 
threshold value control unit 67. 

When a command to start the adjustment of the 
frequency of the sampling clocks is entered into the 
CPU 66, the CPU 66 outputs a command to start the 
detection of the total number of horizontal dots 
(hereinafter referred to as a t o t a 1 - o f - h o r i z o n t a 1 
dots detection start command) . The total-of- 
horizontal dots detection start command is fed to 
the comparator 65. The comparator 65 is rendered 
active when it receives the total-of-horizontal dots 
detection start command. 

The sampling clocks corresponding to the A/D 
converters 2R, 2G, and 2B are generated by the PLL 
circuit 50. A horizontal synchronizing signal 
corresponding to an input video signal is fed to the 
PLL circuit 50 through a delay circuit 74 in the phase 
control circuit 70. The PLL circuit 50 generates 
the sampling clocks on the basis of the horizontal 
synchronizing signal outputted from the delay 
circuit 74. The frequency of the sampling clocks 
is adjusted by the frequency division ratio data from 
the CPU 66 in the total-of-horizontal dots detection 
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circuit 60. 



The phase of the sampling clocks is 



adjusted by changing the amount of delay in the delay 
circuit 74. 

The digital data G, B respectively obtained 

by the A/D converters 2R, 2G, and 2B are fed to the 
horizontal video start/end detection circuit 61. 
The horizontal video start/end detection circuit 61 
is provided to detect a horizontal video start 
position and a horizontal video end position for each 
of the horizontal lines on the basis of the output 
data of the A/D converters 2R, 2G, and 23, 

Specifically, the horizontal video start/end 
detection circuit 61 outputs, when each of the 
inputted data R, G, and B is changed from a level 
lower than a predetermined threshold value for start 
position judgment to a level higher than the 
threshold value for start position judgment, a 
horizontal video start signal composed of a pulse 



signal corresponding to one sampling clock. After 
the horizontal video start signal is outputted by 
changing the inputted data from the level lower than 
the threshold value for start position judgment to 
the level higher than the threshold value for start 
position judgment, however, when the inputted data 
is maintained at the level higher than the threshold 
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value for start position judgment, no horizontal 
video start signal is outputted. After the 
horizontal video start signal is outputted, when the 
inputted data is lower than the threshold value for 
start position judgment and then, exceeds the 
threshold value for start position judgment again, 
the horizontal video start signal is outputted 
again . 

The horizontal video start/end detection 
circuit 61 outputs, when each of the inputted data 
R, G, and B is changed from a level higher than a 
predetermined threshold value for end position 
judgment to a level lower than the threshold value 
for end position judgment, a horizontal video end 
signal composed of a pulse signal corresponding to 
one sampling clock. The horizontal video start 

signal and the horizontal video end signal which are 
outputted from the horizontal video start/end 
detection circuit 61 are fed to the H counter 62. 

When a large value is set as the threshold value 
for start position judgment or for end position 
judgment, data having a low luminance cannot be read. 
When a small value is set as the threshold value, 
noises may be read as data. Therefore, such a small 
value as to be slightly larger than the value of the 



2 9 



noises is set as the threshold value. In the present 

embodiment, the threshold value for start position 

judgment which is used for detecting the horizontal 

r 

video start position is fixed. ^However, the 
threshold value for end position judgment which is 
used for detecting the horizontal video end position 
is changed depending on the input video signal level 
by the threshold value control unit 67. The details 
of the operation of the threshold value control unit 
67 will be described later. 

The H counter 62 is reset every time the 
horizontal synchronizing signal is inputted from the 
delay circuit 74. The H counter 62 counts the number 
of sampling clocks inputted to the H counter 62. The 
H counter 62 feeds, when the horizontal video start 
signal is fed from the horizontal video start/end 
detection circuit 61, a count value at that time (the 
number of sampling clocks from the time point where 
the horizontal synchronizing signal from the delay 
circuit 74 is inputted to the time point where the 
horizontal video start signal is inputted) as a 
horizontal video start count value (11 bits) to the 
maximum hold unit 63. 

The H counter 62 feeds, when the horizontal 
video end signal is fed from the horizontal video 
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start/end detection circuit 61, a count value at that 
time (the number of sampling clocks from the time 
point where the horizontal synchronizing signal from 
the delay circuit 74 is inputted to the time point 
where the horizontal video end signal is inputted) 
as a horizontal video end count value (11 bits) to 
the maximum hold unit 63. 

The maximum hold unit 63 holds the minimum value 
of horizontal video start count values inputted to 
the maximum hold unit 63. The operation shall be 
referred to as a minimum value holding operation. 
The horizontal video start count value held in the 
maximum hold unit 63 is initialized to an initial 
value (for example, ^^ 2047 ^') when a vertical 
synchronizing signal (a V signal) is inputted. 

Furthermore, the maximum hold unit 63 holds the 
maximum value of horizontal video end count values. 
The operation shall be referred to as a maximum value 
holding operation. The horizontal video end count 
value held in the maximum hold unit 63 is initialized 
to an initial value (for example, "0") when the 
vertical synchronizing signal (the V signal) is 
inputted . 

The maximum hold unit 63 feeds the horizontal 
video start count value and the horizontal video end 
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count value which are held to the subtracter 64. The 
subtracter 64 calculates the difference between the 
horizontal video start count value and the 
horizontal video end count value (the horizontal 
video end count value - the horizontal video start 
count value) which are fed from the maximum hold unit 
63, and feeds the result of the operation to the 
comparator 65 . 

The comparator 65 judges, every time the 
vertical synchronizing signal (the V signal) is 
inputted, whether or not the result of the operation 
fed from the subtracter 64 coincides with a reference 
V a^ljLi^ e . More specifically, it is judged whether or 
not the result of the subtraction fed from the 
subtracter 64 coincides with the n umb e r o f 
horizon t^l ^e f,f^,^cJ:^ijy;^^o t s c om p o s i n-a_^_ h e input v ideo 

^s_i_gn^ 1 _CL.r_a-— v,a.l ja e la r g e r t h, a,.n_jtLb_e n.3U Lm b e r b y_^aji e . In 

the following description, the type of the input 
video signal shall be an XGA v i d e o s^i ^qjn^a 1 . In this 
case, the comparator 65 judges whether or not the 
result of the subtraction fed from the subtracter 
64 coincides with the number of horizontal effective 
dots "1024" composing the XGA video signal or "1025" 
larger than the number by one. 
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coincide with ^^1024 " or " 1025 ", a 

c o i n c i d e n c e / n o n - c o i n c i d e n c e/ j u d gm e n 1: signal is 
brought into an L level. /When the result of the 
subtraction coincides wi/th both " 1024 " and " 1025 ", 
the c o i n c i d e n c e / n o n - c o/i n c i d e n c e judgment signal is 
brought into an H 1 e/v e 1 . 

The result of the subtraction by the subtracter 
64 is fed to the CPU 66 through the comparator 65. 
The c o i n c i d e n c e / n o n - c o i n c i d e n c e judgment signal • 
from the comparator 65 is also fed to the CPU 66. 
The coincidence/ n o n - c o i n c i d e n c e judgment signal 
from the comparator 65 is also fed to the delay data 
generation unit 73. 

The CPU 66 calculates the total of horizontal 
dots on the basis of the following equation (1) : 

Total of horizontal dots = number of horizontal 
effective dots X (current frequency division 
ratio/result of subtraction) (1) 

The total of horizontal dots which has been 
calculated by the CPU 66 is inputted to the frequency 
divider 54 as frequency division ratio data. A 
default value of the total of horizontal dots is set 
at the time of initial setting. As the default value, 
a value close to a general total of horizontal dots 
composing the XGA video signal, for example, "1225" 
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is set. 

When the result of the subtraction coincides 
with " 1024 " or "^ 1025 " by performing such an 
operation, the coincidence/non-coincidence 
judgment signal is changed into an H level. 



when the c o i n c i d e n c e / n o n - c o i n c i d e n c e judgment 
signal enters an H level, the delay circuit 74 such 
that the horizontal synchronizing signal is delayed 
in several nano units every time the vertical 
synchronizing signal (the V signal) is inputted in 
order to perform fine adjustment, as described 
later. Also in this case, the maximum hold unit 63, 
the subtracter 64, the comparator 65, and so forth 
perform the same operations as described above. At 
the time of the fine adjustment, when the 
c o i n c i d e n c e / n o n - c o i n c i d e n c e judgment signal enters 
an L level, that is, when the result of the 
subtraction is changed, the CPU 66 calculates the 
total of horizontal dots on the basis of the 
foregoing equation (1) , to update the frequency 
division ratio data. 



predetermined value corresponding to not less than 
one sampling clock, the delay data generation unit 



The 



delay data generation unit 73 controls. 



When the total 



of delay values reaches a 
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73 stops delay control, and feeds a command to end 
the detection of the total of horizontal dots 
(hereinafter referred to as a t o t a 1 - o f - h o r i z o n t a 1 
dots detection end command) to the CPU 66. The CPU 
66 stores, when it receives the total-of-horizontal 
dots detection end command, the frequency division 
ratio data such that the frequency division ratio 
data is not changed, and feeds the total-of- 
horizontal dots detection end command to the 
comparator 65. The comparator 65 is rendered 
inactive when it receives the total-of — horizontal 
dots detection end command. 

As described in the foregoing, delay control 
(fine adjustment) is carried out after the result 
of the subtraction by the subtracter 64 coincides 
with "1024" or "1025" from the following reasons. 
The waveform of an analog signal before sampling (A/D 
conversion) is dull, for example. Accordingly, the 
difference between the horizontal video start count 
value and the horizontal video end count value tends 
to be slightly larger than an actual number of dots 
" 1 0 2 4 " . 

Even if the frequency of the sampling clocks 
is correct, therefore, it is considered that there 
are a case where the difference between the 
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horizontal video start count value and the 
horizontal video end count value is "^ 1024 " and a case 
where it is "^ 1025 " depending on the phase of the 
sampling clocks based on the horizontal 
synchronizing signal. 

When the difference between the horizontal 
video start count value and the horizontal video end 
count value is "" 1024 " or '^ 1025 ", it is considered 
that the frequency of the sampling clocks is 
suitable. In a case where it is judged that the 
difference between the horizontal video start count 
value and the horizontal video end count value is 
"1025", however, when the phase of the sampling 
clocks is changed, the difference between the 
horizontal video start count value and the 
horizontal video end count value may be "1026". 

After it is judged that the difference between 
the horizontal video start count value and the 
horizontal video end count value is " 1024 " or " 1025 ", 
the phase of the sampling clocks is changed within 
a predetermined range. Even if the difference 
between the horizontal video start count value and 
the horizontal video end count value is "1026", fine 
adjustment is performed such that the frequency of 
the sampling clocks is reduced. 

3 6 



The clock frequency conversion unit 72 
generates a reference clock signal having a 
predetermined period width by dividing the frequency 
of clocks generated from the fixed oscillator 71. 
A counter reset at the leading edge of the reference 
clock signal and counting the sampling clocks 
outputted from the VCO 53 is produced, to find a count 
value from the time when the counter is reset to the 
time when it is then reset. 

The count value and the frequency of the 
sampling clocks are in a proportional relationship. 
The higher the count value is, the higher the 
frequency of the sampling clocks is. Since the 
period of the reference clock signal is found, the 
frequency of the sampling clocks is found from the 
count value and the reference clock signal. The 
longer the period of the reference clock signal is, 
the higher the precision is. An object is not to 
find the accurate frequency of the sampling clocks 
but to find a unit amount of delay. Accordingly, 
approximately 30 //sec is sufficient as the period 
of the reference clock signal. 

When the frequency of the sampling clocks is 
found by the clock frequency conversion unit 72, the 
delay data generation unit 73 finds the period T of 
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the sampling clocks, to determine the unit amount 
of delay by the number of times of delay N previously 
set. That is, a unit amount of delay Ad is found 
on the basis of the following equation (2) : 
A d = T / N ••• ( 2 ) 

It is assumed that the number of times of delay 
N is set to eight. When the frequency of the sampling 
clocks which is calculated by the clock frequency 
conversion unit 72 is 20 MHZ (the period is 50 [ns]) , 
for example, the unit amount of delay is 6.25 [ns] . 
The delay data generation unit 73 controls, every 
time a vertical signal is inputted, an amount of 
delay in the delay circuit 74 such that the phase 
of the horizontal synchronizing signal outputted 
delay circuit 74 is shifted 6.25 [ns] at 

the frequency of the sampling clocks which 
calculated the clock frequency 

conversion unit 72 is 125 MHZ (the period is 8[ns]) , 
for example, the unit amount of delay is 1 [ns] . The 
delay data generation unit 73 controls, every time 
the vertical signal is inputted, the amount of delay 
in the delay circuit. 74 such that the phase of the 
horizontal synchronizing signal outputted from the 
delay circuit 74 is shifted 1 [ns] at a time. 



from the 
a time. 

When 
has been 
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The sampling clock adjustment circuit is 
characterized in that the threshold value for end 
position judgment which is used in the horizontal 
video start/end detection circuit 61 is changed 
depending on the level of the input video signal, 
thereby shortening the detection time without 
degrading the precision. The characteristics will 
be described below. 

Fig. 4 illustrates a horizontal video effective 
period (the number of horizontal effective dots) 
detected by the sampling clock adjustment circuit 
according to the above-mentioned embodiment. 

Fig. 5 illustrates a horizontal video effective 
period (the number of horizontal effective dots) 
detected by the conventional sampling clock 
adjustment circuit. 



F i q s . 4 and 5, a signal — -4r- ii dlcdL^ij an ide~ 
analog input video signal which is not d u 1 1 ^^..<sr"s i g n a 1 



(b) or a signal (c) indicates an ac t j^ua^ analog input 
video signal which is dull. ^,^<?Cs indicated by the 
signal (b) or (c), the ^^Tu llness appears more 
significantly at "t'h^ time of the fall than that at 
the time of trfi e rise. THs and THe respectively 
X T\ 6. X c -t^jer a threshold value for start position 

X 



a threshold value for end position 
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In the conventional sampling clock adjustment 
circuit, the threshold value for start position 
judgment THs and the threshold value for end position 
judgment THe are the same, as shown in Fig. 5. The 
threshold values are set to small values in 
conformity with a case where the input video signal 
is a signal having a low luminance. Accordingly, 
horizontal video effective periods LI and L2 
actually detected are significantly longer than a 
theoretical value L in the horizontal video 
effective period. That is, the detection precision 
of the number of horizontal effective dots is 
lowered. Even if the detection precision of the 
number of horizontal effective dots is lowered, an 
adjustment unit at the time of fine phase adjustment 
must be fine in order to generate sampling clocks 
having as suitable a frequency as possible with 
respect to the input video signal, so that a time 
period required for the fine adjustment is 
lengthened . 

Contrary to this, in the sampling clock 
adjustment circuit in the above-mentioned 
embodiment, the threshold value for end position 
judgment THe which is used for detecting the 
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horizontal video end position is changed depending 
on the level of the input video signal, as shown in 
Fig. 4. Therefore, the threshold value for end 
position judgment THe need not be set in conformity 
with a case where the input video signal is a signal 
having a low luminance, and can be set to a large 
value. As a result, horizontal video effective 
periods LI and L2 which are actually detected are 
values close to the theoretical value L in the 
horizontal video effective period than that in the 
conventional example . 

This means that the necessity of fine phase 
adjustment is reduced and the adjustment unit at the 
time of fine phase adjustment can be reduced, thereby 
making it possible to improve the adjustment 
precision as well as to shorten the adjustment time. 

The operations of the threshold value control 
unit 67 for controlling the threshold value for end 
position judgment THe will be described in detail. 

A horizontal synchronizing signal (an H signal) 
and a vertical synchronizing signal (a V signal) of 
the input video signal, output signals of the A/D 
converters 2R, 2G, and 2B, a horizontal video end 
signal from the horizontal video start/end detection 
circuit 61, a horizontal video end count value from 
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the H counter 62, and a horizontal video end count 
value from the maximum hold unit 63 are inputted to 
the threshold value control unit 67. 

The threshold value control unit 67 updates for 
each vertical period the threshold value for end 
position judgment THe which is used in the horizontal 
video start/end detection circuit 61 on the basis 
of the level of the input video signal in a case where 
the video end count value is the maximum within the 
vertical period. The operation of the threshold 
value control unit 67 is started before the operation 
for detecting the total of horizontal dots is 
started . 

A method of detecting the threshold value for 
end position judgment THe will be described using 
Fig. 6 . 

A threshold value calculated on the basis of the 
horizontal video end position detected by the 
horizontal video start/end detection circuit 61 
within one vertical period shall be referred to as 
an intermediate threshold value. The threshold 
value for end position judgment THe is updated for 
each vertical period on the basis of an intermediate 
threshold value which has been calculated in the 
previous vertical period. The intermediate 
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threshold value and the initial value of the 
threshold value for end position judgment THe shall 
be set to ^MOh" in hexadecimal. The intermediate 
threshold value is initialized so as to be an initial 
value every time the vertical synchronizing signal 
(the V signal) is outputted. 

In principle, video data (outputs of the A/D 
converters 2R, 2G, and 2B) in a case where the 
horizontal video end position is detected by the 
horizontal video start/end detection circuit 61 for 
each horizontal period are acquired, and are stored 
as video end position data, to update the 
intermediate threshold value on the basis of the 
video end position data. The intermediate threshold 
value is set to a value which is one-half the video 
data, letting its minimum value be 40 h. The initial 
value of the video end position data is "OOh", and 
the video end position data is initialized so as to 
be an initial value every time the vertical 
synchronizing signal is outputted. 

There are exceptions, described below. As 
shown in Fig. 6, when an video end count value 
corresponding to the horizontal video end position 
detected by the horizontal video start/end detection 
circuit 61 is smaller than the video end count value 
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held by the maximum hold unit 63, the detected 
horizontal video end position is not a true 
horizontal video end position, so that the acquired 
video data is not stored as video end position data. 
That is, the intermediate threshold value is not 
updated in this case. 

When the vertical synchronizing signal is 
outputted, the intermediate threshold value held at 
that time point is outputted to the horizontal video 
start/end detection circuit 61 as the threshold 
value for end position judgment THe, and the 
intermediate threshold value and the video end 
position data are returned to their initial values. 

By repeating the above-mentioned operations, 
the threshold value for end position judgment THe 
is updated every time the vertical synchronizing 
signal (the V signal) is outputted. 
[2] Description of Second Embodiment 

Referring now to Figs, 7 to 10, a second 
embodiment of the present invention will be 
described. 

The entire configuration of a liquid crystal 
display device is the same as that in the first 
embodiment (Fig. 2) . 



Fig. 



7 illustrates the configuration 



of a 



4 4 



sampling clock adjustment circuit 40 (see Fig. 2) . 

The levels of video signals R, G, and B inputted 
to a liquid crystal display device from a computer 
10 are respectively adjusted so as to conform to the 
input conditions of a n a 1 o g ~ t o - d i g i t a 1 (A/D) 
converters 2R, 2G, and 2B by level adjustment units 
IR, IG, and IB. The signals R, G, and B whose levels 
have been adjusted are respectively converted into 
digital data R, G, and B by the A/D converters 2R, 
2 G , and 2 B . 

Sampling clocks corresponding to the A/D 
converters 2R, 2G, and 2B are generated by a clock 
generation circuit (a PLL circuit) 92. A horizontal 
synchronizing signal corresponding to an input video 
signal is fed to the clock generation circuit 92 
through a horizontal synchronizing signal delay 
circuit 91. The clock generation circuit 92 
generates the sampling clocks on the basis of the 
horizontal synchronizing signal outputted from the 
horizontal synchronizing signal delay circuit 91. 
The phase of the sampling clocks is adjusted by 
changing the amount of delay set in the horizontal 
synchronizing signal delay circuit 91. 

The digital data R, G, and B obtained by the A/D 
converters 2R, 2G, and 2B are fed to a horizontal 
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video start/end detection circuit 81. The 
horizontal video start/end detection circuit 81 is 
provided to detect a horizontal video start position 
and a horizontal video end position for each of 
horizontal lines on the basis of the data outputted 
from the A/D converters 2R, 2G , and 2B. 

Specifically, the horizontal video start/end 
detection circuit 81 outputs, when each of the 
inputted data R, and B is changed from a level 

lower than a predetermined first threshold value (an 
video slice level) to a level higher than the first 
threshold value, a horizontal video start signal 
composed of a pulse signal corresponding to one 
sampling clock. After the horizontal video start 
signal is outputted by changing the inputted data 
from the level lower than the first threshold value 
to the level higher than the first threshold value, 
however, when the inputted data is maintained at the 
level higher than the first threshold value, no 
horizontal video start signal is outputted. After 
the horizontal video start signal is outputted, when 
the inputted data is lower than the first threshold 
value and then, exceeds the first threshold value 
again, the horizontal video start signal is 
outputted again. 
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The horizontal video start/end detection 
circuit 81 outputs, when each of the inputted data 
R, G, and B is changed from a level higher than a 
predetermined second threshold value to a level 
lower than the second threshold value, a horizontal 
video end signal composed of a pulse signal 
corresponding to one sampling clock. The horizontal 
video start signal and the horizontal video end 
signal which are outputted from the horizontal video 
start/end detection circuit 81 are fed to the maximum 
hold unit 83. 

When large values are respectively set as the 
first and second threshold values, data having a low 
luminance cannot be read. When small values are 
respectively set as the first and second threshold 
values, noises may be read as data. Therefore, such 
small values as to be slightly larger than the value 
of the noises are respectively set as the first and 
second threshold values. 

An H counter 82 counts the number of sampling 
clocks inputted to the H counter 82. The H counter 
82 is reset every time the horizontal synchronizing 
signal is inputted from the horizontal synchronizing 
signal delay circuit 91. Consequently, the H counter 
82 counts the number of sampling clocks outputted 
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from the clock generation circuit 92 for each 
horizontal period. A count value of the H counter 
82 is fed to a maximum hold unit 83. 

The maximum hold unit 83 holds the minimum value 
of count values of the H counter 82 in a case where 
a horizontal video start signal is inputted 
(hereinafter referred to as a horizontal video start 
count value) . The maximum hold unit 83 holds the 
maximum value of count values of the H counter 82 
in a case where a horizontal video end signal is 
inputted (hereinafter referred to as a horizontal 
video end count value) . The maximum hold unit 83 
feeds for each field the horizontal video start count 
value and the horizontal video end count value to 
a subtracter 84. The maximum hold unit 83 is reset 
for each field. 

The subtracter 84 calculates for each vertical 
period the difference between the horizontal video 
start count value and the horizontal video end count 
value which are fed for each field from the maximum 
hold unit 83, and outputs the result of the operation 
to an absolute value circuit 85. The absolute value 
circuit 85 outputs the absolute value of the result 
of the operation obtained by the subtracter 84. 

An output of the absolute value circuit 85 is 
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fed to a field integration averaging circuit 86, a 
clock frequency detection circuit 88, and a clock 
phase detection circuit 89. 

The clock frequency detection circuit 88 is a 
circuit for detecting whether or not the frequency 
of the sampling clocks is the most suitable value 
at the time of automatically adjusting the frequency 
of the sampling clocks. The clock frequency 
detection circuit 88 compares an output value of the 
absolute value circuit 85 with a predetermined 
number of horizontal effective pixels, to instruct 
a CPU 90 to increase the frequency of the sampling 
clocks if the output value of the absolute value 
circuit 85 is smaller than the number of horizontal 
effective pixels, while instructing the CPU 90 to 
decrease the frequency of the sampling clocks if the 
output value of the absolute value circuit 85 is 
larger than the number of horizontal effective 
pixels . 

The CPU 90 controls the clock generation 
circuit 92 in response to the instruction from the 
clock frequency detection circuit 88 . Consequently, 
the frequency of the sampling clocks is adjusted such 
that the output value of the absolute value circuit 
85 coincides with the number of horizontal effective 
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pixels . 

The clock phase detection circuit 89 is a 
circuit for detecting whether or not the phase of 
the sampling clocks is in the most suitable state 
at the time of automatically adjusting the phase of 
the sampling clocks. The clock phase detection 
circuit 89 changes for each field the amount of delay 
in the horizontal synchronizing signal delay circuit 
91 a predetermined amount at a time, and detects the 
best point of the phase of the clocks on the basis 
of the change in the difference between the 
horizontal video start count value and the 
horizontal video end count value, to issue an 
instruction to the CPU 90. 

The CPU 90 controls the amount of delay in the 
horizontal synchronizing signal delay circuit 91 in 
response to the instruction from the clock phase 
detection circuit 89, to adjust the phase of the 
sampling clocks. The details of the clock phase 
detection circuit 89 will be described later. 

s-i-d — -x-rrt egration averaging — g i r c i,i i t ft f> 



increases the reliability of the res ■uljt---0''f t he output 
of the absolute value c i^jotrTt 8 5 , and calculates for 
each field t \\^^^-^^^ ^ rage of output values of the 
a b s o 1 u-tr'^'''^ value cir cuit 85 in order to prevent an 



erroneous operation from toeing immediately 
performed by noises or t t/e like. That is, output 
values for horizontal 1 i ri e s which are outputted from 
the absolute value c i r cAi i t 85 in one field are added, 
and the result of t hy4 addition is divided by the 
number of horizonta/ lines, thereby calculating the 
average of the ou l^p ut values of the absolute value 
circuit 85 per field. 

The average of the output values of the absolute 
value circuit 85 per field which are outputted from 
the field integration averaging circuit 86 is fed 
to a display region narrow video detection circuit 
87. The display region narrow video detection 
circuit 87 compares the average fed from the field 
integration averaging circuit 86 with a reference 
value, to judge whether the input video is narrow 
video (including a screen saver image) or normal 
video. The narrow video means such video that the 
width of a region where the video exists is smaller 
than the number of horizontal effective pixels. As 
the reference value, a value smaller by a 
predetermined number than the number of horizontal 
effective pixels is used. 

The result of the judgment by the display region 
narrow video detection circuit 87 is fed to the CPU 
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90. At the time of automatically adjusting the clock 
frequency, the CPU 90 performs a clock frequency 
adjustment operation for the clock generation 
circuit 92 when the narrow video is not detected by 
the display region narrow video detection circuit 
87, while stopping the clock frequency adjustment 
operation when the narrow video is detected by the 
display region narrow video detection circuit 87. 

Similarly, at the time of automatically 
adjusting the phase of the clocks, the CPU 90 
performs a clock phase adjustment operation for the 
horizontal synchronizing signal delay circuit 91 
when the narrow video is not detected by the display 
region narrow video detection circuit 87, while 
stopping the clock phase adjustment operation for 
the horizontal synchronizing signal delay circuit 
91 when the narrow video is detected by the display 
region narrow video detection circuit 87. 

The display region narrow video detection 
circuit 87 is characterized not by merely detecting 
moving video but in that it is possible to judge video 
whose horizontal video start position and horizontal 
video end position which are information required 
to adjust sampling clocks are difficult to detect 
and particularly, a lot of narrow videos which are 
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seen on the screen saver image. Of course, it is 
clear that a horizontal RAMP image and a solid black 
image can be detected as narrow videos. 

In a case where a normal video signal as shown 
in Fig. 8a is inputted, when Thl is taken as a first 
threshold value and Th2 is taken as a second 
threshold value, an output value (the difference 
between the horizontal video start count value and 
the horizontal video end count value) X outputted 
from the absolute value circuit 85 coincides with 
the number of horizontal effective pixels. 

Even when a video signal which changes across 
two threshold levels is inputted within a horizontal 
effective video period, as shown in Fig. 8b, a 
horizontal video start count value corresponding to 
a horizontal video start position first detected and 
a horizontal video end count value corresponding to 
a horizontal video end position finally detected are 
held by the maximum hold unit 83. Accordingly, the 
output value X outputted from the absolute value 
circuit 85 coincides with the number of horizontal 
effective pixels. 

When a video signal representing a horizontal 
RAMP image as shown in Fig. Be is inputted, the video 
signal has no sharp edge for specifying a horizontal 
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video start position and is easily affected by 
noises. Accordingly, the horizontal video start 
position becomes unstable. Consequently, the output 
value (the difference between the horizontal video 
start count value and the horizontal video end count 
value) X outputted from the absolute value circuit 
85 is smaller than the number of horizontal effective 
pixels, so that accurate clock adjustment cannot be 
performed. When such a horizontal RAMP image is 
inputted, the display region In arrow video detection 
circuit detects the inputted video as narrow 

video, so that the clock adjustment operation is 
stopped . 

Description is made of the clock phase 
detection circuit 89. At the time of automatic clock 
phase adjustment, the clock phase detection circuit 
89 changes for each field the amount of delay in the 
horizontal synchronizing signal delay circuit 91 a 
predetermined amount at a time, to detect the best 
point of the phase of the clocks on the basis of the 
change in the difference between the horizontal 
video start count value and the horizontal video end 
count value. 

Description is made of the principle for 
detecting the best point of the phase of the clocks 
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onthebasisofFig.lO. 

Fig. 10 (a) shows how the relationship between 
pixels composing an input video signal and the phase 
of the clocks enters a data stable state or a data 
unstable state when the phase of the clocks is 
changed . 

A point a is the best point of the phase of the 
clocks and is a point at which video data sampled 
by the A/D converters 2R, 2G, and 2B are best 
stabilized. When the phase of the clocks is 
gradually shifted from the point a, the data sampled 
by the A/D converters 2R, 2G, and 2B are unstable 
and are most unstable at a point b. 

Fig. 10 (a) shows an example in which an SIN 
waveform is used as a change curve representing a 
data stable state in order to make understanding 
easy, and a point having a phase of 90 degrees is 
taken as the best point. However, the change curve 
is changed by setting the frequency of the clocks, 
the amount of clock jitter, and the video slice 
level. In the change curve representing the data 
stable state, however, the vicinity of the point a 
which is the best point is always a smooth curve. 
Accordingly, it can be understood that the vertex 
of the curve, that is, the best point a is difficult 
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to find. 

Fig. 10 (b) shows how the absolute value of the 
difference between the horizontal video start count 
value and the horizontal video end count value 
changes in a case where the phase of the clocks is 
changed in the forward direction. 

As can be seen from Fig. 10 (b) , the absolute 
value decreases from the previous value (x + 1) to 
X at a point m, while increasing from the previous 
value X to (x + 1) at a point n. The peculiar points 
m and n at which the absolute value changes are 
positioned an equal distance apart, centered at the 
best point a. 

As shown in Fig. 10 (c), the absolute value in 
the vicinity of the point b at which the phase of 
the clocks is unstable is (x + 1), as compared with 
the absolute value x in the vicinity of the best point 
a of the phase of the clocks. If an intermediate 
point between the point m and the point n which are 
within a range in which the absolute value is x and 
are the peculiar points is found, therefore, the best 
point a of the phase of the clocks can be found. 

Fig. 9 illustrates the configuration of the 
clock phase detection circuit. 

An automatic phase adjustment timing 
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generation circuit 104 outputs an automatic 
adjustment start signal in cases such as a case where 
it is detected that an input signal to a liquid 
crystal display device, for example, is switched or 
a case where an automatic adjustment command is 
entered by an operator. 

A default value is in it ially set in a clock phase 
setting counter 103. When an automatic adjustment 
start signal is inputted, the count value of the 
clock phase setting counter 103 is incremented by 
one for each vertical blacking period of the input 
video signal. Although a switching circuit 108 is 
always switched toward a contact a, it is switched 
toward a contact b at the time of automatic 
adjustment. 

The count value of the clock phase setting 
counter 103 is inputted to the CPU 90 through the 
switching circuit 108. The CPU 90 feeds, when a 
narrow video is not detected by the display region 
narrow video detection circuit 87, the count value 
of the clock phase setting counter 103 which has been 
fed from the switching circuit 108 to the horizontal 
synchronizing signal delay circuit 91. 

The horizontal synchronizing signal delay 
circuit 91 delays the horizontal synchronizing 
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signal by an amount of delay corresponding to the 
count value of the clock phase setting counter 103 
which has been fed from the CPU 90. 

A first change point detection circuit 101 
detects a first change point (the point m in Fig. 
10 (a)) at which the absolute value outputted from 
the absolute value circuit 85 decreases from the 
previous value. A first clock phase hold circuit 

105 holds the count value of the clock phase setting 
counter 103 which has been set in the horizontal 
synchronizing signal delay circuit 91 in a field 
where the first change point is detected by the first 
change point detection circuit 101. 

A second change point detection circuit 102 
detects a second change point (the point n in Fig. 
10 (a)) at which the absolute value outputted from 
the absolute value circuit 85 increases from the 
previous value. A second clock phase hold circuit 

106 holds the count value of the clock phase setting 
counter 103 which has been set in the horizontal 
synchronizing signal delay circuit 91 in a field 
where the second change point is detected by the 
second change point detection circuit 102. 

An averaging circuit 107 calculates, when a 
count value (a first count value) held in the first 
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clock phase hold circuit 105 and a count value (a 
second count value) held in the second clock phase 
hold circuit 106 satisfy such a relationship that 
the second count value is larger than the first count 
value, the average sum of the first count value and 
the second count value, and outputs an automatic 
phase adjustment end signal. 

The reason why the automatic phase adjustment 
is terminated when the count value (the first count 
value) held in the first clock phase hold circuit 
105 and the count value (the second count value) held 
in the second clock phase hold circuit 106 satisfy 
such a relationship that the second count value is 
larger than the first count value is that when the 
second change point (the point n shown in Fig. 10 
(a)) is detected before the first change point (the 
point m shown in Fig. 10 (a)) and then, the first 
change point is detected, the automatic adjustment 
is maintained until the second change point is then 
detected . 

When the automatic phase adjustment end signal 
is outputted, the switching circuit 108 is returned 
toward the contact a, and a value calculated by the 
averaging circuit 107 is fed to the horizontal 
synchronizing signal delay circuit 91 through the 
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CPU 90 as a most suitable delay set value (clock phase 
set value) . The automatic phase adjustment is 
terminated . 

The clock phase detection circuit 89 is 
characterized not by utilizing the level value of 
the input video signal as it is but in that peculiar 
points of the phase of the sampling clocks outputted 
from the horizontal video start position to the 
horizontal video end position are detected on the 
basis of the number of the sampling clocks. 

According to the clock phase detection circuit 
89, the best phase of the clocks can be stably 
detected irrespective of the contents of video and 
the frequency characteristics of an analog waveform, 
that is, data in the vicinity, of a white level and 
the vicinity of a black level of a video signal which 
is easily affected by overshoot strain and ringing 
strain. Further, data at both the start position 
and the end position of the horizontal video are 
utilized, thereby making it possible to absorb a 
subtle difference in the phase of the clocks between 
a left part and a right part of the video and to detect 
the uniform and best phase of the clocks on the entire 
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According to the above-mentioned embodiment. 
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it is possible to judge that the input video is 
switched to the narrow video and stop the automatic 
adjustment operation of the frequency of the 
sampling clocks or the phase of the sampling clocks. 
Accordingly, the automatic adjustment operation of 
the sampling clocks is not erroneously performed, 
the most stable phase relationship is kept between 
pixel data representing the video signal and the 
sampling clocks, and it is possible to display the 
stable video on a pixel corresponding panel. 

Although the present invention has been 
described and illustrated in detail, it is clearly 
understood that the same is by way of illustration 
and example only and is not to be taken by way of 
limitation, the spirit and scope of the present 
invention being limited only by the terms of the 
appended claims . 
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